Phosphoglucose isomerase/autocrine motility factor (PGI/ AMF) is a housekeeping gene product/cytokine that catalyzes a step in glycolysis and gluconeogenesis, and acts as a multifunctional cytokine associated with aggressive tumors. PGI/AMF has been correlated significantly with breast cancer progression and poor prognosis in breast cancer. We show here that ectopic expression of PGI/AMF induced epithelialto-mesenchymal transition (EMT) in MCF10A normal human breast epithelial cells, and inhibition of PGI/AMF expression triggered mesenchymal-to-epithelial transition (MET) in aggressive mesenchymal-type human breast cancer MDA-MB-231 cells. EMT in MCF10A cells was shown by morphologic changes and loss of E-cadherin/B-catenin-mediated cellcell adhesion, which is concomitant with the induction of the E-cadherin transcriptional repressor Snail and proteosome-dependent degradation of B-catenin protein. Molecular analysis showed that PGI/AMF suppressed epithelial marker expressions and enhanced mesenchymal marker expressions. Silencing of PGI/AMF expression by RNA interference in MDA-MB-231 cells induced the reverse processes of EMT including altered cell shape, gain of epithelial marker, and reduction of mesenchymal marker, e.g., MET. Taken together, the results show the involvement of PGI/AMF in both EMT and MET: overexpression of PGI/AMF induces EMT in normal breast epithelial cells and reduction of PGI/AMF expression led to MET in aggressive breast cancer cells. These results suggest for the first time that PGI/AMF is a key gene to both EMT in the initiating step of cancer metastasis and MET in the later stage of metastasis during breast cancer progression.
Introduction
Phosphoglucose isomerase (PGI; EC 5.3.1.9) is responsible for the interconversion of glucose 6-phosphate and fructose 6-phosphate during glycolysis and is involved in glucogenesis (1) . PGI is a multifunctional enzyme that serves as autocrine motility factor (AMF; ref. 2) , as neuroleukin (3), as maturation factor (4), as sperm antigen-36 (5) , and as myofibril-bound serine proteinase inhibitor (6) , which is, PGI is a secretable protein that extracellularly behaves as a cytokine following binding to its seven-transmembrane receptor gp78 (7) . Aberrations in PGI expression or activities due to mutations or deletions are of significant clinical significance leading to hereditary nonspherocytic hemolytic anemia disease (8) . It has been reported that PGI/ AMF expression is associated with tumor metastasis and invasion, and its presence in the serum and urine is of prognostic value associated with cancer progression including breast cancer (9) (10) (11) .
Epithelial and mesenchymal cells express different phenotypic characteristics and functions. Conversion between the epithelial and mesenchymal cells is an essential mechanism for numerous developmental processes (12, 13) . Epithelial-to-mesenchymal transition (EMT) is a developmental mechanism implicated in the progression of primary tumors toward metastases. During metastatic conversion, epithelial cells acquire the ability to invade the surrounding tissue and disseminate into secondary organs, and the acquisition of migratory and invasive properties by epithelial cells may be associated with the gain of mesenchymal characteristics and the loss of epithelial features (14, 15) . These phenomena were reported to be regulated in part by several growth factors and cytokines, such as transforming growth factor-h, fibroblast growth factor, and hepatocyte growth factor to name but a few (16) (17) (18) .
EMT and the reverse transition from a mesenchymal to an epithelial phenotype (MET) are fundamental processes of embryonic development, and recently, it was suggested that cancer cells probably use this MET process during the later stages of metastasis (19, 20) . Switching between these two phenotypes allows the escape from the primary tumor as it enables epithelial-like cells to colonize and grow at distant sites to form metastases: EMT occurs during an early stage of cancer progression, whereas MET is an important step for metastasis to allow colonization of secondary sites (19, 20) . Little is known about how EMT and MET occur and/ or are regulated during cancer progression or what internal and external signals trigger these changes in cancer cells. Previously, it was shown that down-regulation of PGI/AMF expression initiated MET in aggressive HT1080 human lung fibrosarcoma cells (21) , and to study this phenomenon further, we examined the potential dynamic role of PGI/AMF during EMTX MET processes in human breast cell lines. medium supplemented with 0.1 Ag/mL cholera toxin, 0.02 Ag/mL epidermal growth factor, 10 Ag/mL insulin, 0.5 Ag/mL hydrocortisone, 100 U/mL penicillin, 100 Ag/mL streptomycin, and 5% horse serum (21) . Human breast cancer cell line MDA-MB-231 was kindly provided by Dr. Erik W. Thompson (Vincent T. Lombardi Cancer Research Center, Georgetown University Medical Center, Washington DC,) and were cultured in DMEM with 10% heat-inactivated fetal bovine serum and penicillin/streptomycin. Cultures were maintained at 37jC in an air-5% CO 2 incubator.
Transfections. Full-length PGI/AMF cDNA generated by PCR amplification was inserted into a mammalian expression vector pcDNA3.1zeo (+) (Invitrogen) at a HindIII and an EcoRI sites. MCF10A cells were transfected with PGI/AMF cDNA using Lipofectamine 2000 reagent according to the manufacturer's protocol (Invitrogen). Isolation of single clones of the stable transfectants was accomplished by adding Zeocin (Invitrogen) to the culture medium at 300 Ag/mL.
To design specific small interfering RNA (siRNA) targeting PGI/AMF, several sequences from different parts of the human PGI/AMF gene were selected using siRNA Target Finder available at the Ambion Web site. 1 The siRNA duplexes targeted against PGI/AMF were synthesized by Dharmacon, Inc. Twenty-four hours after inoculation of MDA-MB-231 cells, siRNA duplex transfections were performed using Lipofectamine 2000 reagent according to the manufacturer's protocol. The efficiency of PGI/AMF silencing was analyzed after 24 h of transfection by reverse transcription-PCR (RT-PCR) and immunoblot, and the best siRNA target site for the PGI/AMF gene was selected for generating stable siRNA cell lines. The target sequence for the PGI/AMF siRNA was 5 ¶-AATGGTACCGCGAGCACCGCT-3 ¶. The specificity of the sequence was verified by a BLAST search of the public databases. pSilencer 3.1-H1 neo expression vector (Ambion) that produce siRNA targeted against PGI/AMF (named siPGI/AMF) was also prepared according to the manufacturer's protocol. In brief, two oligonucleotides (sense, 5 ¶-GATCCGTGGTACCGCGAGCACCGCTTTCAAGAGAAGCGGTGCTCGCGG-TACCATTTTTTGGAAA-3 ¶ and antisense, 5 ¶-AGCTTTTCCAAAAAATGG-TACCGCGAGCACCGCTTCTCTTGAAAGCGGTGCTCGCGGTACCACG-3 ¶) were synthesized chemically, and the annealed oligonucleotides were then subcloned into the BamHI and HindIII sites of the pSilencer 3.1-H1 neo vector. MDA-MB-231 cells were transfected using the Lipofectamine 2000 reagent with PGI/AMF siRNA containing plasmids and pSilencer vector control containing no siRNA. Stably expressed single clones were established by G418 selection (700 Ag/mL).
Protein extraction. For whole cell lysates, cells were washed twice with PBS and collected by scraping. Cell pellets were lysed in cold precipitation assay buffer [lysis buffer; 20 mmol/L Tris-Hcl (pH 7.4), 150 mmol/L NaCl, 10 mmol/L EDTA, 1% of Nonidet P-40, Triton X-100, sodium deoxycholate] containing 1 mmol/L DTT, 1 mmol/L phenylmethylsulfonyl fluoride, 10 Ag/mL leupeptin, and 10 Ag/mL aprotinin. Samples were clarified by centrifugation (15,000 rpm in 4jC for 30 min). Mem-PER eukaryotic membrane protein extraction reagent kit (Pierce Biotechnology) was used for extracting the membrane proteins, and NE-PER nuclear and cytoplasmic extraction reagents (Pierce Biotechnology) were used to separate cytoplasmic and nuclear fractions according to the manufacturer's protocol. Protein concentrations of each sample were determined using Bio-Rad protein assay reagent (Bio-Rad).
Immunoblotting and immunoprecipitation. Equal amounts of the proteins were separated on SDS-PAGE gels and transferred to 0. Infrared Imaging System (LI-COR Biosciences). Density of each band was quantitated with NIH Image software.
For immunoprecipitation, cell lysates containing equal amounts of protein were immunoprecipitated at 4jC for 1 h with various antibodies bound to protein G-Sepharose (Amersham Biosciences). After extensive washing with lysis buffer, proteins were eluted with SDS sample buffer [10 mmol/L Tris (pH 8.0), 1 mmol/L ethylene diamine tetraacetic acid, 1.0% SDS, 9.6% glycerol, 0.002% bromphenol blue, 0.2% 2-mercaptoethanol], followed by boiling, and subjected to immunoblotting.
RT-PCR. Total RNA was extracted using TRIzol Reagent (Invitrogen). The cDNA for PCR template was generated by using First-strand cDNA Synthesis kit (Amersham Biosciences) as recommended in the manufacturers' protocols. For quantitative evaluation of the amplified product, PCR encompassing 20 to 40 cycles was preliminarily performed to determine the most suitable number of amplifications for each reaction. Each PCR cycle consisted of the following: 1 min at 95jC, 1 min at 60jC, and 2 min at 72jC for E-cadherin, h-catenin, and h-actin. PCR-amplified products were electrophoresed in 1% agarose gel and stained with ethidium bromide. The primer sets were as follows: for E-cadherin, forward: 5 ¶-GCTGGAGAT-TAATCCGGACA-3 ¶ and reverse; 5 ¶-ACCTGAGGCTTTGGATTCCT-3 ¶; for h-catenin, forward: 5 ¶-GAAACGGCTTTCAGTTGAGC-3 ¶ and reverse: 5 ¶-CTGGCCATATCCACCAGAGT-3 ¶; for h-actin, forward: 5 ¶-TGACGGGGT-CACCCACACTGTGCCCAT-3 ¶ and reverse: 5 ¶-CTAGAAGCATTTGCGGTG-GACGATGGAGGG-3 ¶. Each expression was standardized using h-actin signal as an internal control.
Cell dissociation assay. Cell dissociation assay was performed as described (24) . The cells were detached from culture plates using a rubber policeman, passed through Pasteur pipettes 30 times, and then fixed in 1% glutaraldehyde in PBS. The extent of cell dissociation was represented by the index Np/Nc, i.e., number of disrupted particles (Np) per total number of cells (Nc) obtained by counting cells.
Promoter reporter assays. The human Snail promoter sequence from À1047 to +66 was amplified by PCR from human HCT-116 genomic DNA isolated by using AccuPrep Genomic DNA extraction kit (Bioneer). The fragment was inserted into pGL3 (Promega) using KpnI and HindIII sites. Snail promoter construct was transiently transfected into the indicated cell lines using Lipofectamine 2000 reagent (Invitrogen). Forty-eight hours after transfection, luciferase assays were performed with the dual-luciferase reporter assay system according to the manufacturer's protocol (Promega). pRL-TK plasmid (Promega) was cotransfected to normalize transfection efficiency, and firefly-luciferase activity was normalized by renilla-luciferase activity.
Immunofluorescence. Cells seeded on coverslips were fixed/permeabilized with ice-cold methanol/acetone (1:1) for 5 min at À20jC. The cells were blocked with 3.0% bovine serum albumin (BSA)/PBS for 30 min, then labeled with primary antibodies in 0.1% BSA/PBS overnight at 4jC, followed by incubation with fluorescent secondary antibodies in the dark. To detect nuclei, the cells were costained with 4 ¶,6 ¶-diamidino-2-phenylindole (DAPI). Fluorescent images were analyzed in an Olympus fluorescence microscope using a Â400 lens.
Statistical analysis. Data are expressed as means F SD. Comparisons between the groups was determined using unpaired t test. P value of <0.05 was considered statistically significant.
Results
PGI/AMF induces a mesenchymal-like morphologic conversion. The normal human breast epithelial cell line MCF10A was stably expressed with either PGI/AMF (MCF10A-PGI/AMF cells) or control vectors (MCF10A-control cells). The expression of PGI/AMF was confirmed by Western blotting and immunocytochemistry ( Fig. 1A and B) . Parental and MCF10A-control cells exhibited a characteristic epithelial cobblestone-like morphology. In contrast, PGI/AMF transfectants lost their ability to grow as a monolayer and acquired a long spindle-like, fibroblastic morphology (Fig. 1C) . This morphologic change implied that the MCF10A-PGI/AMF cells have undergone transition from epithelial cells to mesenchymal-like cells.
Next, to determine whether molecular changes associated with EMT could be detected, we examined the expression of epithelial and mesenchymal marker proteins by Western blotting. Consistent with the morphologic changes, the protein expression level of epithelial markers, E-cadherin and cytokeratin, was remarkably decreased upon transfection of PGI/AMF (Fig. 1D) . In contrast, the expression of mesenchymal markers, fibronectin and vimentin, was strongly induced in response to PGI/AMF expression (Fig. 1D) . In addition, significant inductions of Snail expression, an E-cadherin repressor and also an EMT inducer, were observed in the PGI/AMF cells compared with the control cells (>7-fold relative to the control). PGI/AMF overexpression up-regulated GSK-3h expression and down-regulated its downstream target h-catenin expression. Taken together, these findings indicate that PGI/AMF overexpression is accompanied by the loss of epithelial and the gain of mesenchymal markers, and strongly show that PGI/AMF plays a crucial role in the regulation of the EMT.
Increased PGI/AMF suppresses cell-cell association. Reportedly, E-cadherin and h-catenin could form a complex in adherens junctions in cells, which provides cell-cell adhesion strength (25) . In the present study, we revealed that E-cadherin and h-catenin expressions were decreased by PGI/AMF overexpression (Fig. 1D ). Therefore, we tested the translocation of h-catenin in response to overexpression of PGI/AMF by separating membrane, cytoplasmic, and nuclear fractions of MCF10A cell transfectants. PGI/AMF expression was associated with down-regulation of cytosolic (<0.6-fold) and nuclear (<0.4-fold) expression of h-catenin, and completely inhibited membrane accumulation of h-catenin ( Fig. 2A) . To analyze E-cadherin/h-catenin complex formation, the cell lysate was immunoprecipitated with E-cadherin antibody and then immunoblotted by E-cadherin or h-catenin antibody, respectively. The protein amount of E-cadherin in MCF10A-PGI/ AMF cells was significantly decreased, and E-cadherin-associated h-catenin was completely eliminated in MCF10A-PGI/AMF cells (Fig. 2B) , indicating that E-cadherin/h-catenin complex formation disappeared. The cell lysate was also immunoprecipitated with h-catenin antibody followed by immunoblotting with either E-cadherin or h-catenin antibody, and similar results were obtained (data not shown). Consistent with the disorganization between E-cadherin and h-catenin, PGI/AMF overexpression weakened the cell-cell association (Fig. 2C) .
Mechanisms for regulation of E-cadherin and B-catenin expression in PGI/AMF overexpressed cells. Next, we investigated the mechanisms controlling E-cadherin and h-catenin expression in PGI/AMF-overexpressed cells. As shown in Fig. 3A , PGI/AMF overexpression decreased mRNA expression level of Ecadherin but did not affect that of h-catenin. The transcription factor Snail has been described as a direct repressor of E-cadherin expression during development and carcinogenesis (26, 27) . We have shown that Snail expression was markedly up-regulated in MCF10A-PGI/AMF cells (Fig. 1D) ; therefore, the promoter activity of Snail was further examined. Snail promoter activity was significantly higher in MCF10A-PGI/AMF cells than in control cells (Fig. 3B) . This implies that PGI/AMF leads to an increase in Snail gene transcription, followed by a decrease in E-cadherin expression.
It has been suggested that h-catenin is translocated into the nucleus or degraded through a proteasome-mediated pathway while EMT occurs (28) . Because no nuclear accumulation of h-catenin in MCF10A-PGI/AMF cells was observed ( Fig. 2A) , we studied whether PGI/AMF affects the proteasomal pathway. The proteasome inhibitor MG132 restored h-catenin expression in MCF10A-PGI/AMF cells, and control and MCF10A-PGI/AMF cells showed a similar expression level of h-catenin after the treatment with MG132 (Fig. 3C) . h-Catenin expression was not affected by the treatment with NH 4 Cl, an inhibitor of lysosomal function, either in control or MCF10A-PGI/AMF cells (Fig. 3D) . On the other hand, reduced E-cadherin expression in PGI/AMF-overexpressed cells was not affected by MG132 or NH 4 Cl treatment (Fig. 3C and D) . These data indicate that PGI/AMF down-regulates E-cadherin/h-catenin complex formation by accelerating Snail promoter activity followed by inhibiting E-cadherin expression, and enhancing h-catenin protein degradation through the proteasome-dependent pathway.
PGI/AMF treatment stimulates B-catenin expression. Unexpectedly, PGI/AMF secretion in MCF10A-PGI/AMF cells was decreased (Supplementary Fig. S1A ), and cell growth and migration that were regulated by secreted PGI/AMF were suppressed (Supplementary Fig. S1BC ). Based on the data depicted in Fig. 1 and Supplementary Fig. S1 , we examined whether extracellular addition of PGI/AMF stimulated cellular activities in MCF10A-PGI/AMF cells. First, we examined the protein expressions in the MCF10A cell transfectants treated with or without PGI/AMF, observed an increased expression of h-catenin in the presence of PGI/AMF protein (Fig. 4A) . Immunofluorescence experiments revealed that h-catenin staining was localized at areas of cell-cell contact in control cells, and remarkably weaker staining was observed in MCF10A-PGI/AMF cells (Fig. 4Bg-i) . Moreover, h-catenin was slightly concentrated in the nucleus in MCF10A-PGI/AMF cells after PGI/AMF treatment (Fig. 4Bi) . PGI/ AMF addition did not affect E-cadherin expressions (Fig. 4Ba-c) . As shown in Supplementary Fig. S2A , addition of 10 ng/mL of PGI/AMF into MCF10A-PGI/AMF cell culture increased cell growth rate and 1 ng/mL of PGI/AMF showed a little stimulation. We also determined that PGI/AMF treatment on MCF10A-PGI/AMF cells enhanced cell migration (Supplementary Fig. S2B ). The cell morphology and the EMT-related protein expressions, such as Snail, were not changed by PGI/AMF treatment (data not shown). These findings suggest that PGI/AMF signaling controls h-catenin expression and its relocation followed by cell growth and motility.
Down-regulation of PGI/AMF leads to MET in aggressive breast cancer cells. It has been proposed that breast cancer cells might undergo a transition from the epithelial to the mesenchymal phenotype (29, 30) . Based on their phenotype and invasiveness, the breast cancer cell lines could be classified as epithelial-like and mesenchymal-like (30) . Among the mesenchymal-like cell lines, MDA-MB-231 cells are highly invasive and exhibit mesenchymal cell phenotype. To verify our results shown above, we knocked down PGI/AMF in MDA-MB-231 cells by gene silencing using siRNA. Transfection of PGI/AMF siRNA induced a significant morphologic transformation in which the cells acquired a rounded and less elongated shape (Fig. 5A ) and markedly reduced the protein level of PGI/AMF in MDA-MB-231 cells (Fig. 5B) . Consistent with the morphologic changes, the expression of the mesenchymal marker fibronectin was remarkably reduced and the epithelial marker E-cadherin was strongly induced (Fig. 5B) . In addition, h-catenin expression was also suppressed (Fig. 5B) . Moreover, Snail promoter activity was significantly reduced in siPGI/AMF cells compared with control cells, which is consistent with E-cadherin and Snail expressions (Fig. 5C) . We observed similar effects by using an alternative target sequence siRNA against PGI/AMF (data not shown). These results also support that PGI/AMF is involved in regulating cellular morphology, and decline of PGI/AMF expression could induce MET in cancer cells.
Discussion
In the present study, we show that PGI/AMF regulates both EMT and MET in normal epithelial cells and in aggressive breast cancer cells. We indeed show that (a) PGI/AMF cDNA transfection induced morphologic change into mesenchymal-like MCF10A cells, (b) PGI/AMF controlled EMT-related proteins, (c) PGI/AMF disrupted the E-cadherin/h-catenin cell adhesion complex, and (d) PGI/AMF-specific siRNA led to MET an in invasive breast cancer cell line.
Our data revealed that the expression of E-cadherin was decreased in PGI/AMF-overexpressing breast epithelial cells and increased in PGI/AMF knockdown breast cancer cells. Altered expressions of cell adhesion molecules are considered to play a critical role in the invasive process. The cell-cell adhesion molecule E-cadherin-mediated cell interactions are essential for embryogenesis and tissue architecture by forming intercellular junction complexes and establishing cell polarization (31) , and E-cadherin loss is believed to contribute to both cancer development and progression (32, 33) . Control of E-cadherin gene transcription is the main mechanism to account for down-regulation of this protein. Several transcriptional factors have been shown to directly suppress the expression of E-cadherin and promote the acquisition of a mesenchymal phenotype. Among them, it has been highlighted that the up-regulation of Snail is one such example (26, 27) . Snail-knockout mice die during gastrulation due to the failure of the E-cadherin down-regulation (34) . Expression of Snail in epithelial cells decreases E-cadherin levels and induces a complete EMT, interference with expression leads to increased levels (26, 27) . The results from our present study showed that E-cadherin expression was regulated through Snail expression by PGI/AMF, which mediates Snail promoter. Because Snail is upstream of molecules involved in cell migratory and invasive properties (26, 35, 36) , these findings might indicate that the Snail/E-cadherin pathway plays an important role in stimulated motility by PGI/ AMF (21). h-Catenin is associated not only with E-cadherin but also with the adenomatous polyposis coli multiprotein complex, and the h-catenin signal pathway is required for development and is frequently activated in cancer (37, 38) . In the absence of Wnt signals, h-catenin/adenomatous polyposis coli complex is phosphorylated by GSK-3h and targeted for ubiquitin/proteasomemediated degradation. h-Catenin degradation is blocked by binding Wnt ligands to Frizzled receptors and activating Disheveled. Excess h-catenin enters the nucleus where it cooperates with the transcription factor TCF/LEF and promotes the expression of several target genes, such as cyclin D1. In this study, we reveal that PGI/AMF is associated with GSK-3h and h-catenin regulations. Moreover, treatment with PGI/AMF results in accumulation of h-catenin in the nucleus. Although further investigation is still necessary to address the implication of PGI/AMF and the Wnt/h-catenin pathway, PGI/AMF is clearly involved in this signaling.
During the sequential in vivo progression of cancer, breast cancer cells undergo phenotype alterations. These alterations include the loss of epithelial-like features, and the gain of more aggressive and invasive mesenchymal-like traits (30) . This EMT process in breast cancer cells has been studied, and the cell lines could be classified into epithelial and mesenchymal groups based on their phenotype and invasiveness (30, 39, 40) . The epithelial group expresses a high amount of epithelial markers, and are weakly invasive. These ''epithelial-like'' cells grow as interconnected colonies with a cobblestone-like appearance on plastic. Breast cancer cell lines in this group includes MCF-7 and T-47D; Mesenchymal group cells do not express the epithelial markers found in the epithelial-like group but, in contrast, exhibited a high level of markers also found in mesenchymal cells. Most of these lines had a fibroblastoid phenotype on plastic and grew as colonies in Matrigel. They are highly invasive in vitro. Breast cancer lines in this ''mesenchymal-like'' group includes MDA-MB-231 and BT-549. We showed here that PGI/AMF knockdown induced MET on mesenchymal-like MDA-MB-231 cells. We also observed similar effects by PGI/AMF knockdown on BT549 cells (data not shown), suggesting that PGI/AMF could be one of potent regulators of MET in breast cancer.
EMT is a process implicated in the normal development and the conversion of early stage cancer to invasive/aggressive phenotype, in which epithelial cell layers lose polarity and cell-cell contact, and undergo dramatic cytoskeletal remodeling (12) (13) (14) (15) . Recent data highlight the conversion of epithelial cancer cells to a more mesenchymal-like state to facilitate cell invasion and metastasis. The reverse conversion MET is thought to be required to generate a proliferative state and form metastases resembling the primary tumor at distant sites (12, 13, 19, 20) . This suggests that cellular plasticity, the ability to undergo EMT, subsequently MET in the appropriate microenvironments, is a key feature of a successful metastatic cell. Although some transcription factors such as Snail have been reported in EMT and MET regulation (41, 42) , more details about these phenomena still remain to be identified. Here, we showed that PGI/AMF contributes to EMT in breast epithelial cells and MET in mesenchymal-like breast cancer cells. We also revealed that PGI/AMF controlled Snail expression, which is critical for EMT and MET. Appropriate expression of PGI/AMF may regulate EMT and MET events in each step of breast cancer progression.
Understanding the EMT and/or MET programs may provide novel strategies aimed at preventing the development of metastasis, for example, targeting MET may inhibit the development of solid tumor metastases by trapping disseminated tumor cells in a state of micrometastasis. Here, we propose the signaling pathway of PGI/AMF-induced EMT events including morphologic changes, cell growth, and cell migration. Endogenous PGI/AMF activates Snail and therefore down-regulates its target gene E-cadherin and other epithelial marker proteins, up-regulates fibronectin and other mesenchymal marker proteins, leading to morphologic changes. On the other hand, exogenous PGI/AMF signaling through gp78 inactivates GSK-3h, resulting in up-regulation of h-catenin expression, which increases cell growth. Cell migration is also promotes by exogenous PGI/AMF. Although further studies are required to examine the complex network that regulates EMT/MET by PGI/AMF, control of PGI/AMF would provide a new opportunity in the targeting latent micrometastases.
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